STUDY QUESTION: Do seminal plasma pro-inflammatory cytokines interferon-γ (IFNG) and C-X-C motif chemokine ligand 8 (CXCL8) vary within individual men over time?
Introduction
Semen parameters vary within individual men, as well as at a population level (Schwartz et al., 1979; Pacey, 2012) and are influenced predominantly by period of abstinence (Heuchel et al., 1981) , and also by age (Johnson et al., 2015) , diet and nutrition, occupation and environmental exposures and genetics (Skakkebaek et al., 2016) . Infection and potentially the composition of the male reproductive tract microbiome may additionally contribute to this inherent variability (Fraczek and Kurpisz, 2015a,b) . Indeed bacterial, viral and parasite infection all increase the risk of male infertility (Anderson and Hill, 1988; Ochsendorf, 2008) .
There is interest in defining how seminal fluid components other than sperm are associated with fertility, since sperm parameters alone are insufficient to predict male fertility and fecundity (Sakkas et al., 2015) . Cytokines within seminal plasma have been investigated for their association with male and female fertility (Maegawa et al., 2002; Politch et al., 2007; von Wolff et al., 2007; Fraczek and Kurpisz, 2015a, b) . Within the testis, leucocytes as well as Sertoli and Leydig cells secrete cytokines to support spermatogenesis and steroidogenesis, and to regulate immune tolerance to germ cells (Hedger and Meinhardt, 2003; Bornstein et al., 2004; Fraczek and Kurpisz, 2015a, b) . The secondary male accessory sex glands, comprising the epididymis, prostate and seminal vesicles, also produce cytokines (Matalliotakis et al., 1998; Huleihel and Lunenfeld, 2004; Seshadri et al., 2009) . Seminal fluid cytokines can exert direct effects on sperm quality and function in the epididymis and after ejaculation. Additionally seminal fluid cytokines exert effects on the female reproductive tract after coitus, acting to induce molecular and cellular changes that prime the female immune system to accommodate pregnancy and tolerate the malederived transplantation antigens expressed by the conceptus. The balance of immune-regulatory factors in seminal fluid appears to impact the quality and strength of the female tract response and receptivity to pregnancy .
Interferon-γ (IFNG), a potent immune-regulatory cytokine that elicits adaptive immunity, is detected generally at low levels in seminal plasma but can be substantially elevated in the event of infection (Leutscher et al., 2005; Vanpouille et al., 2016) . IFNG has been demonstrated in vitro to adversely affect sperm motion parameters (Hill et al., 1987) . One study reports elevated seminal plasma IFNG in infertile men with poor sperm quality, with a negative correlation between IFNG and sperm count, motility and morphology (Paradisi et al., 1996) , but this was not apparent in two other smaller studies (Naz and Kaplan, 1994; Fujisawa et al., 1998) . C-X-C motif chemokine ligand 8 (CXCL8 (also known as IL8)) is a neutrophil chemotactic factor that when present within a normal range does not adversely impact fertility, but when elevated in response to bacterial or viral infection, is associated with poor sperm motility (Eggert-Kruse et al., 2001; Friebe et al., 2003; Moretti et al., 2009 ). Since CXCL8 is centrally involved in inflammatory diseases, this likely reflects an underlying pro-inflammatory state that adversely affects spermatogenesis (Lotti and Maggi, 2013) , and CXCL8 may also directly affect sperm function (Fraczek et al., 2013) .
Male seminal fluid IFNG content has also been linked with idiopathic infertility in female partners, independently of sperm parameters (Robertson et al., 2003; Havrylyuk et al., 2015) . This is consistent with evidence of a potential adverse impact of IFNG in seminal fluid on the female immune response after coitus. The effects of seminal fluid in the female reproductive tract are initiated when seminal fluid stimulates synthesis of colony-stimulating factor 2 (CSF2), interleukin 6 (IL6), CXCL8 and other cytokines in cervical epithelial cells . Expression of these factors is triggered by transforming growth factor beta (TGFB) in seminal fluid (Tremellen et al., 1998; Sharkey et al., 2012) to result in generation of regulatory T cells that allow maternal tolerance of embryo implantation (Robertson et al., 2009 (Robertson et al., , 2013 . Our recent studies show IFNG is a potent inhibitor of the female response, interfering with the capacity of seminal fluid TGFB to induce CSF2 in mouse and human ectocervical cells (Sharkey et al., unpublished) . CXCL8 in seminal fluid may also influence the female response, by directly attracting neutrophils that infiltrate the cervical canal and phagocytose sperm almost immediately upon contact with seminal fluid at coitus (Pandya and Cohen, 1985; Thompson et al., 1992) .
Thus seminal fluid IFNG and CXCL8, by their virtue of association with sperm function and potentially also female fertility, may be informative in assessing male capacity to conceive. Previous studies evaluating these cytokines all examined only a single ejaculate from each study participant. Recently we have shown that TGFB family cytokines in seminal fluid fluctuate substantially within individual men . Whether seminal fluid IFNG and CXCL8 also display variation is unknown. Therefore we aimed to evaluate withinindividual variance in these seminal fluid cytokines in proven fertile men. Our data indicate that indeed IFNG and CXCL8 fluctuate considerably over time within overtly normal men.
Materials and Methods

Ethics approval
Approval was obtained from the ethics committees of the University of Adelaide and North Western Allied Health Service, application 7/1999. Seminal plasma samples were collected from proven fertile semen donors at Repromed (Adelaide) following informed written consent.
Study participants
Donors met inclusion criteria including good health, age of 18-50 years, and normozoospermic by WHO IV guidelines (World Health Organization, 1999) . Fertility was defined as natural conception of a child in a current relationship or conception via Repromed's semen donor programme. Men were included only if live infants were born after normal pregnancy, with delivery of an infant at term with no obstetric complications. Exclusion criteria included screening positive for chlamydia, gonorrhoea or herpes simplex (HSV), symptoms of urinary or genital tract infection (dysuria, penile discharge, ≥1 million leucocytes/ml in seminal fluid), or use of non-steroidal anti-inflammatory, antibiotics or other immune-modifying medications.
Seminal plasma collection
Semen samples were produced on-site at Repromed by masturbation, using strict protocols for hygiene, no use of lubricants or condoms, and following abstinence for 48-120 h. Complete ejaculates were collected into sterile, non-toxic, pyrogen-free containers and processed using sterile pyrogen-free plastic-ware within 30 min of collection. All participants produced 3-7 samples, at 6-8 week intervals, over a 12-month period. Semen volume was measured using a graduated serological pipette then divided equally into two portions. All semen samples were analysed by the same experienced andrologist according to WHO IV guidelines (World Health Organization, 1999) . Diluted semen was used to calculate sperm concentration and % progressive motile sperm using a Neubauer hemocytometer, and total sperm count was calculated. Sperm morphology was assessed using Papanicolaou staining and application of Kruger's strict criteria to identify normal forms. The remaining semen portion was centrifuged for 15 min at 13 000 g to remove sperm and cellular debris. The supernatant (seminal plasma) was immediately aliquoted into 100 μl volumes, frozen and stored at −80°C until cytokine analysis.
Seminal plasma cytokine ELISAs and endotoxin assay
IFNG and CXCL8 in seminal plasma were measured by commercial ELISAs from GE Healthcare Life Sciences (Buckinghamshire, UK) and R&D Systems (Minneapolis, USA) respectively, according to the manufacturers' instructions. The minimum detection limit, and intra-and inter-assay precisions were 15 pg/ml, 3.6 and 6.7%, respectively, for CXCL8 and 0.1 pg/ ml, 2.5 and 5.1% for IFNG. LPS was quantified using a chromogenic limulus amebocyte lysate (LAL) assay (Cambrex Bioproducts, East Rutherford, USA) according to the manufacturer's instructions at 37°C with pyrogenfree plastic and glassware used throughout. Samples were diluted in endotoxin-free water to 1:50 and 1:100 to dilute out endogenous inhibitory activity. The minimum detection limit was 0.1 endotoxin units (EU)/ ml, and intra-assay and inter-assay precision was 4.2 and 8.4%. TGFB1, TGFB2, TGFB3, activin A and follistatin were quantified in the same seminal fluid samples as reported previously .
Data analysis and statistics
Cytokines and LPS were analysed as both concentration and absolute amount per ejaculate (concentration × volume of ejaculate), as recommended by WHO V guidelines (World Health Organization, 2010) . Analysis was performed using SAS Software, version 9.4 (SAS Institute Inc., Cary, NC, USA). The approach was to estimate a mixed model with a random effect for individual. The mean square error in the random effects model attributable to between-individual variability (BIV) and withinindividual variability (WIV) and the ratio between the two (variability ratio, VR = BIV/WIV) were then calculated. A VR value of <1.0 indicates a greater contribution of within-individual variability than between-individual variability to overall variance. With the exception of sperm concentration, motility and normal morphology, all models were run on data transformed by natural logarithm, as most data were positively skewed. Coefficients of variation (CV) were generated with variance estimated as the residual variance after accounting for the random effect of individual in the random effect model. Pearson's correlation analysis using SPSS version 22.0 (SPSS, Chicago, USA) was used to explore correlations between sperm and cytokine parameters. Correction for multiple comparisons was performed using the Stepdown Bonferroni procedure described by Holm, 1979 (Holm, 1979 , with adjusted P values reported. Statistical significance was inferred when P < 0.05.
Results
Within-and between-individual variation in semen parameters
The semen characteristics for the samples used in this study were reported previously , and are within WHO IV normal reference ranges for sperm concentration, progressive motility, normal morphology and volume of ejaculate (Supplementary Table SI) . The median (5th-95th percentile) age in the study group was 40.8 (31.7-50.5) years and period of abstinence was 4.0 (2.0-7.0) days.
Within-and between-individual variation in IFNG, CXCL8 and LPS
IFNG was detectable in all seminal plasma samples tested, albeit at low levels with concentrations showing substantial variability between individuals (CV = 0.97) with a median (range) content of 2.5 (0.2-27.3) pg/ejaculate (Fig. 1A) . Random effects modelling indicated that both withinindividual variability and between-individual variability contributed to overall variation for IFNG content (VR = 0.87) (Fig. 1D) . When data were considered as concentration, again both within-and betweenindividual factors contributed to a similar overall variability (CV = 0.92, VR = 0.86) (Supplementary Fig. S1 ).
CXCL8 was readily detectable in all seminal plasma samples, but was less variable than IFNG with a median (range) content of 7.9 (1.6-33.2) ng/ejaculate (CV = 0.52) (Fig. 1B) . For CXCL8, withinindividual variation was a lesser contributor than between-individual variation (VR = 1.11) (Fig. 1E) . The scale of variability was lower and the relative contribution of within-individual variation was less when the concentration of CXCL8 in ejaculates was considered (CV = 0.37, VR = 1.30) (Supplementary Fig. S1 ).
LPS was detected in all seminal plasma samples and was highly variable between men at median (range) content of 10.9 (2.6-349) ng/ejaculate (CV = 1.52) (Fig. 1C) . In the mixed model analysis, between-individual variation again contributed more substantially than within individual variation to overall variability (VR = 1.26) (Fig. 1F) . Similar both within-and between-individual variation was observed when the concentration of LPS in ejaculates was assessed (CV = 1.54, VR = 1.23) (Supplementary Fig. S1 ).
Impact of duration of abstinence and age on semen parameters and cytokines
Correlation analysis was performed to investigate the impact of duration of abstinence and age on cytokines. Duration of abstinence correlated with the content of CXCL8 (P < 0.001), but not IFNG or LPS (Table I) . Largely this reflected an impact of elevated volume, as no association with abstinence was seen when CXCL8 were evaluated as concentration, rather than total content (Supplementary Table SII) .
Relationship between cytokines and sperm parameters IFNG content did not exhibit significant correlation with any sperm parameter. CXCL8 correlated inversely with sperm motility (P = 0.005) ( Table I) . Seminal plasma LPS content was negatively associated with sperm concentration and normal sperm morphology (both P < 0.05) ( Table I) .
Correlations between seminal plasma cytokines
IFNG content correlated with the LPS content (P = 0.032) ( Fig. 2A ) and LPS concentration (P = 0.050) (Supplementary Table SIII) . Although the absolute content of IFNG did not correlate with CXCL8 content (Table II) , when IFNG concentration was evaluated, a correlation with concentration of CXCL8 was evident (Supplementary Table SIII, Fig. 2B ).
Additionally we investigated correlations between pro-inflammatory cytokines and the TGFB cytokines reported previously for these samples . IFNG content did not correlate with any TGFB isoforms or other TGFB family cytokines (Table III) , and LPS correlated only with follistatin content (P = 0.004) (Table III, Supplementary Fig. S2 ) and concentration (P = 0.030) (Supplementary Table SIV) . CXCL8 content correlated with the content of each of the TGFB isoforms, plus activin A and follistatin (all P < 0.05) (Table III) , but the concentrations of these factors did not correlate (Supplementary Table SIV) . (B) and LPS (C) content per ejaculate is shown as box and whisker plots for each individual or all individuals combined (all). The box depicts the 25th and 75th percentiles, the whiskers are minimum and maximum values, the horizontal line is the median, and the '+' symbol is the mean. IFNG (D), CXCL8 (E) and LPS (F) content is also shown as line plots for each donor over the collection sequence. Data is colour-matched for each donor across panels, or all individuals. CV = coefficient of variation; VR = between individual/within individual variability ratio, as calculated by mixed model analysis.
Discussion
This analysis demonstrates that pro-inflammatory cytokines IFNG and CXCL8 in seminal plasma vary not only between fertile men, but also fluctuate within individuals over time. On the basis of CV score and the ratio of between-to within-individual variation, IFNG was identified as exhibiting a higher variability over time than CXCL8, and substantially greater than we previously reported for the TGFB cytokines present in seminal plasma .
For CXCL8 content, duration of abstinence prior to sample provision was a major factor accounting for variation. The range of content for CXCL8 was in line with previous reports for fertile men (Maegawa et al., 2002; Politch et al., 2007) . CXCL8 correlated closely with TGFB, activin A and follistatin content implying at least some extent of co-regulation. As for the TGFB family cytokines , since cytokine concentration was relatively consistent within men, this was predominantly attributable to increased volume of ejaculate after abstaining.
For IFNG, variation over time is evident regardless of whether absolute cytokine content per ejaculate, or cytokine concentration in seminal plasma, is considered. Cytokine abundance did not relate to duration of abstinence, volume of ejaculate or age, implicating other regulatory factors. Additionally although IFNG and CXCL8 concentrations were correlated, IFNG did not correlate with any of the TGFB family cytokines, suggesting independent regulation. The extent to which IFNG fluctuated within individuals was highly variable, ranging from 6 to 80% of individual mean values in the two men with the lowest and highest readings, respectively (data not shown). This is consistent with the scale and range of values for IFNG amongst single samples from previous studies of fertile men (Politch et al., 2007) n = 31-55 seminal plasma samples; R = Pearson's correlation coefficient. IFNG = interferon-γ; LPS = lipopolysaccharide; and CXCL8 = C-X-C motif chemokine ligand 8. *P < 0.05 and **P < 0.01. n = 34-56 seminal plasma samples; R = Pearson's correlation coefficient. IFNG = interferon-γ; LPS = lipopolysaccharide; and CXCL8 = C-X-C motif chemokine ligand 8. *P < 0.05 and **P < 0.01.
to severe oligoasthenozoospermia (Naz and Kaplan, 1994; Paradisi et al., 1996; Fujisawa et al., 1998) . The major driver of IFNG in other tissues is infection and autoimmune inflammation. IFNG is a pivotal upstream regulator of the inflammatory and immune response produced by lymphocytes and natural killer cells (Schoenborn and Wilson, 2007) . Infection with viral and bacterial pathogens has been shown to elicit elevated expression of IFNG in lymphocytes and possibly non-immune cell lineages in the testis and epididymis (Le Goffic et al., 2002; Lang et al., 2014) . It is important to note that the highest levels of IFNG detected in the fertile men in this study are at least a scale of magnitude lower than those generally present with diagnosed infection, for example, median seminal plasma IFNG levels are at least 30-fold higher with early and last stage HIV infection than in non-infected men (Vanpouille et al., 2016) , and similar changes are seen with schistosomiasis (Leutscher et al., 2005) .
It is possible that undiagnosed subclinical infection or microbial dysbiosis affects seminal fluid IFNG content in fertile men. While the seminal plasma samples used herein were sourced from individuals screened for common sexually transmitted infections chlamydia, gonorrhoea and HSV and without leukocytospermia or other overt symptoms of infection, this does not exclude the possibility of silent viral or bacterial infection, or fluctuations in the endogenous microbiome. Many common infections in the male tract can be asymptomatic (Aynaud et al., 2002) .
LPS is released from gram negative bacteria that are normal commensals or opportunistic pathogens present to varying degrees in seminal fluid of all men (Hou et al., 2013; Liu et al., 2014) as well as common reproductive tract pathogens (Fujita et al., 2011; Lang et al., 2014) . The possibility of association between cytokines and 'silent' infection or elevated bacterial load was explored by quantifying LPS. This approach, which has been used previously to approximate total gram negative bacteria in the female reproductive tract microbiome (Fujita et al., 2011) , has the obvious limitation of not reflecting the content of gram positive bacteria and viruses, which also account for a major proportion of the male reproductive tract microbiome (Hou et al., 2013; Liu et al., 2014) and reproductive tract infections (Fujita et al., 2011) . LPS was detected in all samples and was found to be even more highly variable than IFNG or any other cytokine, with dramatic fluctuations within men over time, as well as substantial differences between men of up to 100-fold that could not be accounted for by duration of abstinence or volume. LPS content and variability were comparable to a previous report in single seminal fluid samples (Fujita et al., 2011) . Precautions for sterile collection of samples were observed, so there is a high prospect that LPS content reflects the gram negative microbial load of the male reproductive tract as opposed to external contamination. Moreover, the observed inverse association of LPS content with sperm concentration and normal morphology is in line with a previous report of direct effects of LPS on sperm integrity and motility mediated by sperm Toll-like receptor expression (Fujita et al., 2011) .
The correlations between LPS, IFNG and CXCL8 concentrations in seminal plasma suggest the possibility of a common underlying proinflammatory or microbial contribution to between and withinindividual variation. Like IFNG, CXCL8 is produced in response to infection or sterile inflammatory disease (Lotti and Maggi, 2013) . CXCL8 is responsible for recruiting and activating neutrophils and other immune cells in inflammatory sites and elevated CXCL8 is linked with overt inflammation in the male reproductive tract (Lotti and Maggi, 2013; Fraczek and Kurpisz, 2015a,b) . Previous studies have correlated CXCL8 with leucocyte score in populations of men with leukocytospermia even when overt infection is not detected (Eggert-Kruse et al., 2001; Maegawa et al., 2002; Friebe et al., 2003) , supporting the proposal that elevated CXCL8 may also reflect presence of silent infection, or sterile inflammation of the genital tract associated with prostatitis and prostate cancer (Lotti and Maggi, 2013) .
Unlike most of the TGFB family cytokines, higher CXCL8 content correlated with poorer sperm motility, as reported in previous studies (Eggert-Kruse et al., 2001; Friebe et al., 2003; Moretti et al., 2009) . This is consistent with observations that CXCL8 may directly affect sperm function (Fraczek et al., 2013) . However a causal link cannot be concluded since reduced motility is independently associated with duration of abstinence, and it seems more likely that the association between CXCL8 production and poor sperm motility reflects an effect of inflammatory disruption on spermatogenesis (Lotti and Maggi, 2013) . The demonstration of a correlation between CXCL8 and TGFB family members, particularly follistatin which is a potent antiinflammatory cytokine produced in the vas deferens, seminal vesicles and prostate (Anderson et al., 1998; Wijayarathna et al., 2017) , is consistent with regulatory interactions between these agents. Follistatin is induced in acute and chronic inflammatory conditions to attenuate and contain the inflammatory response (Hedger et al., 2011) , and its elevated presence in seminal fluid when CXCL8 is increased may therefore also be explained by an underlying inflammatory condition. n = 34-56 seminal plasma samples; R = Pearson's correlation coefficient. TGFB = Transforming growth factor-β; FST = follistatin; IFNG = interferon-γ; LPS = lipopolysaccharide; and CXCL8 = C-X-C motif chemokine ligand 8. *P < 0.05 and **P < 0.01.
It seems likely that as in other mucosal surfaces (Gerber, 2014; Dickson et al., 2015) , the male reproductive tract has a dynamic microbiome that responds to environmental perturbation and interacts closely with the local immune response, such that fluctuations in cytokines occur as part of normal homoeostasis of the microbialimmune interaction. Several behavioural, environmental and lifestyle factors may contribute to regulation of the cytokine fluctuations in seminal plasma directly or indirectly through effects on the microbiota. We speculate that smoking, nutrition, occupation and environmental exposures identified as impacting sperm parameters, also influence seminal fluid cytokine composition, but this remains to be formally examined. The current data do not identify a relationship with age for IFNG or CXCL8, but the study was not sufficiently powered to draw a firm conclusion on this. Clinical records to evaluate the impact of environmental and lifestyle factors on cytokine parameters were unavailable for the current study. However these findings indicate that further well-designed, prospective studies are warranted to formally evaluate the interaction between seminal fluid cytokines, reproductive tract microbial populations and external environmental influences.
Seminal fluid has a central role in eliciting the female immune tolerance that is required to accommodate embryo implantation and ensure healthy progression of pregnancy . Several active factors in seminal fluid regulate the female cytokine and immune environment at conception, particularly TGFB (Sharkey et al., 2012 . IFNG is to date the only identified inhibitor of the female response to TGFB, and it exerts potent suppression of CSF2 synthesis even when present at low concentrations comparable to seen herein for seminal fluid samples from some fertile men (Sharkey et al., manuscript submitted) . LPS interacts with female reproductive tissues after coitus and induces expression of many of the same pro-inflammatory cytokines as does seminal plasma, including CXCL8 (Watari et al., 2003) , as well as CSF2, CSF3, IL1A and IL6 (Sharkey and Robertson, unpublished data) . Our previous studies show there is variation in the capacity of individual seminal fluid samples to induce cytokine synthesis from female tract cells and in the pattern of cytokines elicited, that if replicated in vivo, would be expected to impact the strength and quality of the female immune response (Sharkey et al., 2007) . The relative concentrations of TGFB, IFNG, LPS and other bioactive constituents in seminal plasma are implicated in regulating the balance of cytokines elicited in the female response (Sharkey et al., 2012; Robertson and Sharkey, 2016) , and thus could have beneficial or adverse effects on the ensuing immune activation and receptivity to pregnancy (Robertson et al., 2013) . It is possible that fluctuations in CXCL8 in the partner's seminal fluid could alter the quality of the female response, by differentially affecting the number and phenotype of neutrophils recruited in the female tract after seminal fluid contact. Additionally, seminal plasma CXCL8 may be implicated in the pro-angiogenic effects of seminal plasma that may contribute to cervical cancer progression (Sales et al., 2012) .
An impact on seminal fluid signalling agents that influence the female immune response would necessitate reconsideration of the physiological significance of seminal fluid cytokine fluctuations. There is emerging information to support a positive effect of contact with the conceiving partner's seminal fluid for improved conception rate in IVF treatment cycles (Crawford et al., 2015) and protection from gestational disorders including preeclampsia (Kho et al., 2009) , through effects on promoting female immune tolerance of paternal antigens . However, the current study raises the prospect that as well as fluctuations in fertility-promoting components of seminal fluid , inhibitory factors in seminal fluid exhibit variable levels, and so may impact fertility status. Beyond a normal balance, pro-inflammatory cytokines may provide a signal to the female tract that interferes with development of immune tolerance and receptivity to conception and pregnancy, perhaps as a form of quality control to prevent pregnancy when male gamete health is compromised by microbial dysbiosis or inflammation (Robertson, 2010) . A biological role for seminal fluid influencing female reproductive investment is consistent with previous studies indicating an adverse impact of seminal plasma deficiency on offspring phenotype in mice (Wong et al., 2007; Bromfield et al., 2014) . If female responsiveness to proinflammatory seminal fluid cytokines is confirmed in women, quantification of pro-inflammatory agents including IFNG, CXCL8 and LPS in seminal fluid would be expected to have diagnostic value independent of sperm parameters in investigating fertility in men.
In summary, this study demonstrates variation over time in proinflammatory seminal fluid cytokine content in response to duration of abstinence plus other unidentified endogenous and exogenous determinants, potentially including microbial, inflammatory and other environmental factors. Our data indicate that measuring cytokines in a single seminal fluid sample may not be representative of the average abundance over time, particularly for the highly fluctuating cytokine IFNG. It is well accepted that to gain an accurate diagnosis of fertility status, multiple semen samples must be assessed to accommodate the variation over time in sperm parameters (Schwartz et al., 1979; Pacey, 2012) . The finding that cytokines vary substantially within men over time implies that repeated analyses are also necessary to gain accurate information on cytokine status, and where possible, duration of abstinence should be controlled. Additional studies are required to further investigate the underlying causes of this fluctuation and its clinical and biological significance for male reproductive health and development of assisted reproductive technology strategies (McGraw et al., 2015) .
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